Inflammation is a beneficial host response to foreign challenge or tissue injury that leads ultimately to the restoration of tissue structure and function.
1 Inflammation involves a complex web of intercellular cytokine signals. Activated monocytes and/or macrophages release a variety of inflammatory mediators, such as tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β), reactive oxygen species, prostaglandin E2 (PGE2) and nitric oxide (NO).
2 A normal inflammatory response is self-limiting and involves the down-regulation of pro-inflammatory protein expression, increased expression of anti-inflammatory proteins and a reversal in the vascular changes that facilitated the initial immune cell recruitment process. 3 Nitric oxide (NO) is a short-living free radical that is produced from L-arginine by catalytic reaction of NO synthases (NOSs) within mammalian immune, cardiovascular and neural systems, where it functions as a signaling or cytotoxic molecule.
4 Cyclooxygenase (COX), an enzyme also known as prostaglandin (PG) H synthase (EC 1.14.99.1), converts arachidonic acid to prostaglandins, which play a crucial role as mediators of inflammatory responses.
5
Myristica fragrans Houtt (Myristicaceae) is an aromatic evergreen tree cultivated in South Africa India, and other tropical countries. The seed and aril of the fruit of M. fragrans are commonly known as nutmeg and mace, respectively. Since the Middle Ages, nutmeg has been used as a carminative, stimulant, narcotic, emmenagogue and abortifacient. Nutmeg is also prescribed for medicinal purposes in Asia to treat many diseases, such as rheumatism, muscle spasm, decreased appetite and diarrhea.
7 It has shown antioxidant, anti-inflammatory, 8 protein tyrosine phosphatase 1B inhibitory, 9 hepatoprotective 10 and acetylcholine esterase inhibitory activities.
11 In continuing investigation for discovering inhibitors on LPS-induced NO production in macrophage RAW264.7 cells, studies of the EtOAc-soluble fraction from the seeds of M. fragrans resulted in the isolation of a new lignan (1), along with five known ones (2) (3) (4) (5) (6) . This paper describes the isolation and structural elucidation of the isolates, as well as the evaluation of their inhibitory activity on LPS-induced NO production in macrophage RAW264.7 cells.
The MeOH extract of the seeds of M. fragrans was partitioned into hexane-, EtOAc-and n-BuOH-soluble fractions. Chromatographic purification of the ethyl acetate fraction led to the isolation of six compounds (1) (2) (3) (4) (5) (6) (Fig. 1) . The structures of known compounds were identified as (8R,8'S)- 
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C-NMR spectra of 1 were very similar to those of austrobailignan-5, which was isolated from Saururus cernunus. 17 However, the 1 H and
C NMR spectra showed a hydroxymethyl signal, which was confirmed by the HMBC correlations between two methine protons at δ H 1.87 (H-8)/ 1.75 (H-8') and δ C 62.7 (C-9'). Furthermore, the long-range correlations between two methylene protons at δ H 2.65 and 2.48 and δ C 62.7 (C-9') also were observed, suggesting that the hydroxymethyl group was located at the C-9' position ( Based on the above data analyses, compound 1 was established to be (8R,
The cytotoxic effects of the isolated compounds (1-6) were evaluated in the presence or absence of LPS using the MTT assay. These compounds did not affect the cell viabilities of RAW 264.7 cells in either the presence or absence of LPS, even at a dose of 50 μM after a period of 24 h (data not shown). The amount of NO produced was determined by the amount of nitrite, a stable metabolite of NO. To assess the effects of these compounds on the LPS-induced production of NO in RAW 264.7 cells, a cell culture medium was harvested, with the production of nitrite measured using the Griess reaction. As shown in Table 2 , compound 1-3, 5-6 showed inhibitory potency, with IC 50 value of 45.4, 3.4, 26.1, 26.5 and 33.5 μM, respectively, while compound 4 was inactive up to the 50 μM level. Since compound 2 exhibited a strong inhibitory effect on the LPS-induced production of NO in macrophage RAW264.7 cells, the effect of this compound on the LPS-induced COX-2 and iNOS expressions were investigated. RAW264.7 cells were stimulated with 1 μg/mL of LPS for 18 h in the presence of increasing concentrations of 2, and the expression levels of COX-2 and iNOS protein were determined by immunoblot analyses (Fig. 3) . Compound 2 (0-10 μM) dose-dependently reduced the LPS-induced COX-2 and iNOS expressions, but did not change that of α-tubulin. The results showed that 2 inhibited not only the iNOS and COX-2 mRNA expressions, but also the iNOS and COX-2 promoter activities in LPS stimulated RAW264.7 cells, suggesting that this compound could suppress LPS-induced iNOS and COX-2 expressions at the transcription level.
Experimental
General Experimental Procedure. Optical rotations were measured with a JASCO DIP 370 digital polarimeter. UV spectra were taken in MeOH using a Thermo spectrometer, and IR spectra were obtained on a JASCO FT/IR-4100 spectrometer. The nuclear magnetic resonance (NMR) spectra were obtained on Varian Unity Inova 400 MHz spectrometer. Silica gel (Merck, 63-200 μm particle size), ODS-A (YMC, 150 μm particle size) were used for column chromatography. TLC was carried out using Merck silica gel 60 F 254 and RP-18 F 254 plates. HPLC was carried out using a Water system with a UV detector and an YMC Pak ODS-A column (20 × 250 mm, 5 μm particle size, YMC Co., Ltd., Japan) and HPLC solvents were from Burdick & Jackson, USA.
Plant Material. The seeds of M. fragrans were purchased in Dong Xuan herbarium market, Hanoi, Vietnam, in January 2010 and identified by Professor Pham Thanh Ky, Department of Pharmacognosy, Hanoi University of Pharmacy. A voucher specimen (0182) was deposited in the herbarium of the Hanoi College of Pharmacy.
Extraction and Isolation. The seeds of M. fragrans (2 kg) were extracted three times (3 h × 3 L) with refluxing methanol. After the solvent was removed under reduced pressure, the residue was suspended in H 2 O and then partitioned with n-hexane, EtOAc, and n-BuOH, successively. The EtOAc soluble fraction (54 g) was chromatographic on a silica gel column (10 × 60 cm; 63-200 μm particle size, Merck) using a stepwise gradient of Table 1 .
Cell Culture. RAW264.7 cells were maintained in Dulbecco's Modified Essential Medium supplemented with penicillin (100 units/mL), streptomycin (100 μg/mL) and 10% heat-inactivated fetal bovine serum.
Determination of NO Production and the Cell Viability Assay. The level of NO production was determined by measuring the amount of nitric from the cell culture supernatants as described previously. Briefly, the RAW264.7 cells (ATCC, Rockville, MD, USA, 1 × 10 5 cells/well) were stimulated with or without 1 μg/mL of LPS (Sigma Chemical Co., St. Louis, MO) for 24 h in the presence or absence of the test compounds (0.5-25 μM). The cell culture supernatant (100 μL) was then reacted with 100 μL of Griess reagent. The remaining cells after the Griess assay were used Figure 3 . Inhibition of LPS-induced iNOS and COX-2 Expression in RAW264.7 Cells by Compound 2 (C2). RAW264.7 cells were pretreated for 30 min with the indicated concentrations of 2, and followed by the stimulation with LPS (1 µg/mL) for 18 h. Total lysates were prepared and the expression levels of iNOS and COX-2 were determined by immunoblot analysis. Histograms show densitometric analyses of relative iNOS and COX-2 expression levels normalised against α-tubulin. bar., the mean ± S.D. Asterisk indicates a significant difference (**, P < 0.01) compared the control.
Notes
to test their viability using a MTT (Sigma Chemical Co., St. Louis, MO)-based colorimetric assay as previously described. 20 Celastrol was used as the positive control. Immunoblot Analysis. Proteins were extracted from cells in ice-cold lysis buffer (50 mM Tris-HCl, pH 7.5, 1% Nonidet P-40, 1 mM EDTA, 1 mM phenylmethyl sulfonyl fluoride, 1 μg/mL leupeptin, 1 mM sodium vanadate, 150 mM NaCl). Fifty μg of protein per lane was separated by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) and followed by transferring to a polyvinylidene difluoride membrane (Millipore, Bedford, MA, USA). The membrane was blocked with 5% skim milk, and then incubated with the corresponding antibody. Antibodies for COX-2, iNOS were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibody for α-tubulin was from Sigma. After binding of an appropriate secondary antibody coupled to horseradish peroxidase, proteins were visualized by enhanced chemiluminescence according to the instructions of the manufacturer (Amersham Pharmacia Biotec, Buckinghamshire, UK).
